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Alcohol use disorders are among the most common and undertreated mental disorders with an estimated global lifetime prevalence of around 16% (Connor, Haber, & Hall, 2016) . Globally, harmful use of alcohol causes approximately 3.3 million deaths every year (or 5.9% of all deaths), and 5.1% of the global burden of disease is attributable to alcohol consumption (WHO, 2014) . Excessive use of alcohol is linked to more than 60 different chronic diseases (Connor, et al., 2016) . The major causes of premature death to which it contributes are injury, alcoholic liver disease, cancers, gastrointestinal and heart diseases and stroke (Roerecke & Rehm, 2014) . Beyond health consequences, alcohol use inflicts significant social and economic losses on individuals and society at large (Room, Babor, & Rehm, 2005; Skog, 2006) .
Heavy Episodic Drinking (HED) -also referred to as 'binge' drinking -is defined by the World Health
Organization (2002) as the consumption of 60 grams or more alcohol (40+ grams for women) on a single occasion. A marginally lower threshold has been proposed by the National Institute on Alcohol Abuse and Alcoholism (NIAAA, 2017) . Formerly labelled 'high risk' drinking (World Health Organization, 2002) , HED is now recognized as a major public health issue in many countries as it is consistently associated with a range of serious acute harms, including accidents, violence and anti-social behaviors (Navarro, Doran, & Shakeshaft, 2011; Rehm, et al., 2009 ). Indications of regular or frequent HED are especially concerning, as this may lead to both acute and chronic alcohol-related harms or the development of an alcohol use disorder (Rehm, et al., 2009) .
Current treatment options for people with alcohol use problems include pharmacotherapy, cognitive behavioral therapy, behavioral therapies based on conditioning, motivational enhancement therapy and 12step facilitation (mutual peer support) (Connor, et al., 2016) . Despite advancements in these treatment modalities, relapse remains high with many individuals relapsing into the dependency syndrome following a period of abstinence. Pharmacotherapy has unwanted side-effects and compliance is often low (Reid, Teesson, Sannibale, Matsuda, & Haber, 2005) . After formal treatment, meta-analyses find abstinence rates ranging from 25% (Miller, Walters, & Bennett, 2001) to 43% (Monahan & Finney, 1996) dependent on treatment intensity and length of follow-up. Considering these issues, there is a high need for novel adjunctive interventions that may help in alcohol abstinence. There is also a strong need to treat the comorbid health problems associated with the disorder, which include higher prevalence of diabetes and cardiovascular disease .
Although the association between physical activity and alcohol consumption is complex, with many studies also reporting a positive association between these variables (Dodge, Clarke, & Dwan, 2016) , available evidence suggests that planned exercise interventions in people with alcohol use disorders can have important health benefits. In a recent meta-analysis including 24 studies and 1,204 unique persons
with alcohol use disorders (mean age 37.8 years, mean illness duration 4.4 years) (Hallgren, Vancampfort, Giesen, Lundin, & Stubbs, 2017) , it was demonstrated that although exercise did not reduce daily (standard mean difference, SMD =-0.886, p=0.24) or weekly (SMD=-0.353, p=0.21) standard drinking days, nor Alcohol Use Disorders Identification Test (AUDIT) scores (SMD=-0.378, p=0.18), exercise significantly reduced depressive symptoms (SMD=-0.867, p=0.006), and improved physical fitness (SMD=0.564, p=0.01) versus control conditions. Of clinical importance was that the pooled dropout rate in this metaanalysis was very high: 40.3% (95% CI=23.3 to 60.1). As a comparison, in a recent meta-analysis of dropouts from physical activity interventions in schizophrenia (N=19 studies, 594 participants) , the pooled dropout rate was 26.7%, while in another metaanalysis among people with depression (N= 40 studies, 1720 participants) (Brendon Stubbs, et al., 2016) , an adjusted dropout rate of 18.1% was reported. Therefore, one of the most important challenges for health care professionals and researchers is to improve the adherence towards and reduce the dropout from physical activity interventions in people with alcohol use disorders. In a previous systematic review (Vancampfort, et al., 2015) , functional impairments and distress associated with alcohol use disorders including increased smoking rates, obesity, anxiety, depression and a lower self-efficacy were identified as possible barriers.
Given the important health benefits of physical activity and the high dropout of people with alcohol problems in physical activity interventions, there is a need for research to investigate at a population and multinational level what factors influence physical activity participation in people who drink at risky levels and who do not comply with the international recommendation of 150 min of moderate to vigorous or 75 min of vigorous physical activity per week. To date, such data are currently lacking, and no studies have focused specifically on heavy episodic drinkers Data on physical activity correlates in this population in lowand middle-income countries (LMICs) is even more scarce. Exploring socio-demographic, mental and physical health related correlates in LMICs is important given the suboptimal treatment of alcohol abuse (Patel, et al., 2007) , differences in knowledge regarding the benefits of physical activity (Pengpid, et al., 2015) , and different environmental factors (Atkinson, Lowe, & Moore, 2016) in LMICs. The lack of studies from LMICs also highlights the gap between where the majority of research is done and where the largest public health impacts of physical inactivity are found (Sallis, Bull, et al., 2016) . Information on physical activity correlates in HED in LMICS could guide the design and delivery of targeted interventions. Thus,
given the aforementioned gaps within the literature, we aimed to assess physical activity correlates among community-dwelling adults with indications of frequent heavy episodic drinking in 46 LMICs.
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Methods
Settings and protocol
Secondary data analysis of the World Health Survey (WHS) (2002) (2003) (2004) (http://www.who.int/healthinfo/survey/en/) was done. The WHS is a cross-sectional study implemented in 70 countries worldwide. Single-stage random sampling and stratified multi-stage random cluster sampling were conducted in 10 and 60 countries respectively. All individuals aged ≥18 years with a valid home address were eligible to participate. Each eligible member of the household had equal probability of being selected with the use of Kish tables. The survey did not cover populations on military reservations, in group quarters or in living arrangements other than private households. Standardized questionnaires were used to collect information in all countries. Standard translation procedures ensured comparability between countries. Face-to-face or telephone interviews were carried out by trained interviewers. The individual response rate across all countries was 98.5% (Nuevo, et al., 2012) . Ethical approval was obtained from ethical boards at each study center. All participants provided informed consent.
Variables
Alcohol consumption
The question 'Have you ever consumed a drink that contains alcohol (such as beer, wine, etc.)?' with 'yes'
and 'no' answer options was used to identify lifetime abstainers. Those who replied affirmatively were then asked the next question on the number of standard drinks of any alcoholic beverage the respondent had on each day of the past 7 days. A showcard with pictures was used to illustrate what was meant by a "standard drink", and defined by WHS as containing between 8-13 g of ethanol depending on the country.
The number of days in the past week in which 4 (female) or 5 (male) drinks were consumed was calculated (World Health Organization, 2002) . Frequent, heavy episodic drinkers were defined as those who consumed the above amount of alcohol on two or more days of the past 7 days.
Physical activity
Items from the International Physical Activity Questionnaire (Craig, et al., 2003) were used to categorize physical activity. Specifically, participants were asked how many days over the past week on average they engaged in moderate physical activity and in vigorous physical activity. Secondly, participants were asked for how many minutes on average, they engage in physical activity at a moderate and vigorous level. The total amount of moderate to vigorous physical activity over the last week was calculated and those scoring M A N U S C R I P T
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≥150 minutes for moderate to vigorous physical activity or ≥75 minutes for vigorous physical activity alone were classified as meeting the recommended guidelines (coded 0), and those scoring <150 minutes for moderate to vigorous physical activity and <75 minutes for vigorous physical activity alone (low physical activity) were classified as not meeting the recommended guidelines (coded 1).
Sociodemographic factors
These included information on gender, age, marital status [Married/cohabiting or other (never married/separated/divorced/widowed)], highest education attained (no formal, primary, secondary completed, tertiary completed), wealth quintiles, employment status (unemployed or not), and setting (rural or urban). Principal component analysis based on 15-20 assets was performed to establish country-wise wealth quintiles. Employment status was assessed with the question 'What is your current job?'. Those who answered 'not working for pay' were considered to be unemployed.
Health behaviors
Current smoking was assessed with the question 'Do you currently smoke any tobacco products such as cigarettes, cigars, or pipes?' The answer options to this question were 'daily', 'yes, but not daily', or 'no, not at all'. Two separate questions for fruits and vegetables were used to assess the amount of servings the participant eats on a typical day. The answer to these questions were dichotomized as <5 or ≥5 servings/day following WHO/FAO recommendations (Bishwajit, et al., 2017) .
Mental health
Depression was based on the DSM-IV algorithm and used information on duration and persistence of depressive symptoms in the past 12 months (Cifuentes, et al., 2008; Loerbroks, Herr, Subramanian, & Bosch, 2012) . The question 'Overall in the past 30 days, how much of a problem did you have with worry or anxiety' was used to assess anxiety. This question had the following answer options: 'none', 'mild', 'moderate', 'severe', and 'extreme'. In accordance with previous WHS publications, those who answered 'severe' and 'extreme' were considered to have anxiety (Koyanagi & Stickley, 2015; Vancampfort, Koyanagi, Hallgren, Probst, & Stubbs, 2017; Wong, Hunter Rowe, Douwes, & Senthilselvan, 2013) . Details for the variables on sleep/energy and cognition are provided below (section on health status).
Physical health
Having extreme difficulty in seeing and recognizing a person that the participant knows across the road (i.e., from a distance about 20 meters) (Freeman, et al., 2013) was used as the definition of visual
A previous study showed that this condition likely corresponds to World Health Organization definitions of visual impairment (Freeman, et al., 2013) . The presence of hearing problems was based on interviewer's observation of this condition at the conclusion of the survey. Arthritis, asthma, and diabetes were based on self-reported lifetime diagnosis. For angina, in addition to a self-reported diagnosis, a symptom-based diagnosis based on the Rose questionnaire was also used (Rose, 1962) . Details on the variables on pain/discomfort and mobility difficulty are provided in the section below (health status).
Health status variables
Eight questions pertaining to four domains (i.e., sleep/energy, cognition, pain/discomfort, mobility) were used to assess health status. These domains are comparable to those often used in health-related quality of life outcome measures such as the Short Form-12 (SF-12) (Ware, Kosinski, & Keller, 1996) , the Health Utilities Index Mark-3 (HUI) (Feeny, Furlong, Boyle, & Torrance, 1995) , and the EUROQOL-5D (Kind, 1996 
Statistical analyses
Data from 69 countries were publicly available. Of these countries, 18 high-income countries were excluded as the focus of the study was on LMICs. Of the remaining LMICs, Morocco and Latvia were not included as they lacked information on physical activity, and Turkey and Slovenia were also excluded due to lack of several variables pertaining to the analysis. Furthermore, Mauritania was excluded as there were no frequent heavy drinkers. Thus, a total of 46 countries, which were all LMICs according to the World Bank classification in 2003, were included in the analysis. The current analysis was restricted to frequent heavy episodic drinkers as the aim of the study was to assess the correlates of physical activity in this population. The final analytical sample consisted of frequent heavy episodic drinkers who provided information on physical activity (n=4186) (Appendix eTable 2).
The statistical analysis was performed with Stata 14.1 (Stata Corp LP, College station, Texas). A total of 22 potential correlates of physical activity were assessed. The selection of these correlates was based on past literature (Sallis, et al., 2006; Sallis, Owen, & Fisher, 2008) . In order to assess the correlates of low physical activity, we conducted random effects logistic regression of a two-level structure in which M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT individuals were level one and country was level two. This analytical method allowed for the adjustment for clustering within country. First, we assessed the sociodemographic correlates. For subsequent models, the correlates pertaining to health behavior, and mental and physical health were included individually in the models while adjusting for the sociodemographic correlates (sex, age, education, marital status, wealth, employment, setting).
For all regression analyses, the variables were included in the models as categorical variables with the exception of age, sleep/energy, cognition, pain/discomfort, and mobility (continuous variables). Results from the logistic regression models are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P<0.05.
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Results
The prevalence of low physical activity was 24.4% (95%CI=23.2%-25.8%) in this sample of frequent heavy episodic drinkers (n=4186). The mean (SD) age was 39.4 (13.9) years and 78.7% of the sample were males. The sample characteristics are provided in Table 1 .
Insert 
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Discussion
To the best of our knowledge, the current multi-national study is the first to explore physical activity correlates in frequent (i.e., at least twice per week), heavy episodic drinkers (4 drinks for women and 5 for men 2014) . Disturbed gait and balance are well-documented sequelae of aging and of chronic alcoholism and may result from damage to one or more neural systems (Sullivan, Rosenbloom, Lim, & Pfefferbaum, 2000) .
Alcohol is also known to be an effective analgesic and influences people's perception of pain (Thompson, Oram, Correll, Tsermentseli, & Stubbs, 2016) . Given that people who drink at risky levels are at increased risk of various painful comorbidities (Bell & Britton, 2014; , it might be postulated that drinking might enable people to not feel painful conditions which may impair mobility (e.g.
diabetic complications/ neuropathy), but it could negatively influence their mobility and alter their independence. Thus, collaborative interventions that seek to improve mobility among those with alcohol use problems might be an important strategy to increase physical activity in this population.
Our data also suggest that socioeconomic variables should be taken into consideration in future research or when planning interventions. One of the most consistent findings in the literature on alcohol use is that patterns of consumption vary by marital status, with heavier drinking levels among divorced or single people than among those who are married (Power, Rodgers, & Hope, 1999) . In our study, not being married/cohabiting was also associated with being less physically active. While the mechanism linking marital status with low physical activity is not clear, it may be that those who are not married or not cohabiting tend to feel lonelier, and this may in turn lead to less physical activity. Indeed, loneliness has been linked with alcohol abuse (Åkerlind & Hörnquist, 1992) and lower physical activity in the general population (Hawkley, Thisted, & Cacioppo, 2009 ). Also those who were unemployed are less physically active. A recent cross-sectional study involving workers from the USA and Sweden found that among the employed, occupational physical activity is associated with higher total physical activity and less sedentary M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT time for both genders (Kwak, Berrigan, Van Domelen, Sjöström, & Hagströmer, 2016) . It might also be speculated that employment enhances social connectedness, and social support has been linked prospectively to greater engagement in leisure time physical activity (Oliveira, et al., 2011) . Thus, future research exploring the extent to which social support can increase physical activity in this population is warranted. In particular, the amount and type of social support necessary to initiate and maintain a physically active lifestyle in this vulnerable and often stigmatized population (Van Boekel, Brouwers, Van Weeghel, & Garretsen, 2013) should be investigated, especially in settings with limited resources.
In contrast to high-income countries, where those of a higher socioeconomic position are generally known to be more physically active during leisure time (Beenackers, et al., 2012) , our data in LMICs show that those in the richest wealth quintile and those with a higher education are less physically active. Potential explanations for this include more use of motorized transport, more sedentary screen-based leisure and less labor-demanding jobs among the richest and higher educated people in LMICs. Higher educated and wealthier people in LMICs live and work more in urban environments. Our study showed that people living in urban environments are indeed less physically active. Differences between rural and urban settings might also be related to the fact that an urban environment in most LMICs is not conducive to safe physical activity due to unsafe traffic, increased risk of crime and fear of crime (De Bourdeaudhuij, et al., 2015) , which are, in turn, linked to stress and depression (Smit, et al., 2016) and which might consequently be risk factors for more alcohol use as well.
The observation that depression was not associated with low physical activity participation might be due to the different time frames used. While the IPAQ captures physical activity over the past 7 days, the presence of depression was assessed over a 12 months period.
Practical implications, limitations and future research
Previous research indicates that physical activity interventions are feasible in those with alcohol use disorders, and may have positive effects on physical fitness and depression . A positive trend on consumption was also reported in one recent review (Giesen, Deimel, & Bloch, 2015) .
The current findings suggest a need to tailor physical activity interventions to different age groups, and to consider how mobility problems might affect the engagement and maintenance of exercise programs.
Although it is unclear from previous research whether physical activity or alcohol use is driving the positive relationship between these two variables (Dodge, et al., 2016) , it may be useful to actively counsel people with alcohol problems on the health benefits of physical activity and exercise. Several limitations are acknowledged; our study is cross-sectional; consequently, cause and effect cannot be deduced from the observed associations. Thus, future prospective research is required to disentangle the directionality of the M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT observed relationships. Another issue is that although we followed the recommendations of the National Institute on Alcohol Abuse and Alcoholism (NIAAA, 2017) for defining HED (i.e., 4 drinks for women and 5 for men),we applied an additional threshold of twice per week to identify 'frequent' HED. This threshold implies regularity or a pattern of drinking, which in reality may not exist beyond the week in which alcohol consumption was rated. Thus, it is possible that some participants were misclassified as 'frequent' heavy episodic drinkers. Moreover, although frequent HED increases the risk of developing an alcohol use disorder, and may be considered 'problematic' in itself, we were not able to confirm whether or not the participants had an alcohol use disorder based on established diagnostic criteria. Therefore, future studies should include a more complete alcohol use disorder assessment and ideally use a clinical diagnosis. The number of current drinkers in the WHS, and the amount of drinking are likely underestimates as well.
Stigma, religious beliefs, social norms and gender roles may contribute to the underreporting of alcohol use in LMICs (Consumption, 2007) . Third, our sample included a relatively low prevalence of insufficiently active adults of 24% when compared to previous global calculations of 31% (Hallal, et al., 2012) . However, this is explained by the use of the IPAQ measurement tool for our data, which is known to over-report physical activity participation . Fourth, the current study only included noninstitutionalized people and therefore, the data cannot be generalized to the institutionalized who are more likely to be inactive. Fifth, we were not able to explore differences in physical activity behavior in people with alcohol use problems living in urban versus rural settings in more detail. (Sallis, Cerin, et al., 2016) . Finally, future studies in LMICs may wish to assess how macro-level environmental factors (e.g., food insecurity, civil conflicts, extreme weather conditions) are linked to physical inactivity in this part of the world.
In conclusion, our data illustrate that a number of socioeconomic and health factors are associated with physical activity levels among people with alcohol problems from 46 LMICs. These findings provide guidance for future population level interventions across LMICs to help people with alcohol problems to become more active. Ware, J., Jr., Kosinski, M., & Keller, S. D. (1996) . A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of reliability and validity. Med Care, 34, 220-233. WHO. (2014) . Global status report on alcohol and health 2014: World Health Organization. Wong, K. O., Hunter Rowe, B., Douwes, J., & Senthilselvan, A. (2013) . Asthma and wheezing are associated with depression and anxiety in adults: an analysis from 54 countries. Pulm Med, 2013 , 929028. World Health Organization. (2002 . International guide for monitoring alcohol consumption and related harm. In W. H. Organization (Ed.). Geneva.
M A N U S C R I P T
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